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Abstract 
Application limitations for solar heating are overcome by greatly improving heat storage. Adequate heat storage is achieved by: 
reducing time dependent thermal losses, reducing storage volume, and allowing easy adjustment of storage geometries.  
To this purpose much theoretical and practical work has been done at Empa, including a laboratory scale proof of concept of a 
closed sorption heat storage. This work has provided valuable insight into the potential as well as the challenges and limitations 
of this technology for the application as heat storage.  
The closed sorption heat storage concept is based on a continuous, but not full cycle, liquid state absorption heat pump. Heat is 
not directly stored; instead the potential to regain heat at a desired temperature from a low temperature thermal input is stored. 
The significant benefit in this is undoubtedly the time independent energy losses. Losses are encountered in the conversion 
processes during charging as well as discharging but not during storage time. For this reason there is great potential in the 
application of the closed sorption heat storage as a long term solar heat storage.  
In the scope of the EU funded project COMTES a prototype system based on the working pair sodium hydroxide and water is 
under construction. The system is dimensioned to cover space heating as well as domestic hot water in a single family house built 
to passive energy standards and stationed in Zurich. The two major challenges in the system design are: keeping the system 
volume favorable and keeping the parasitic electric energy consumption at a minimum. 
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1. Introduction  
In December 2008 the European Council agreed to implement the 20-20-20 target. The goal is to reduce 
greenhouse gas emissions by 20 %, increase the energy efficiency by 20 % and reach 20 % renewable energy in the 
total energy consumption in the EU by the year 2020 [1]. In May 2011, the Swiss Federal Council decided a nuclear 
power phase-out by not extending running times or building new nuclear power plants. The first power plant will 
stop running in 2019, the last in 2034 [2]. In order to master these demanding steps increased use and consequently 
the storage of renewable energy becomes essential. This is the case for renewable energy in the form of electricity as 
well as heat. In Switzerland 37 % of all consumed energy is used for space heating (SH) and domestic hot water [3]. 
The efficient storage of heat has tremendous potential to enable the covering of this demand from solar source. 
Towards this objective much work has been done at EMPA based on the concept of sorption heat storage.  
In sorption heat storage, heat is stored by separation of substances [4, 5]. To retrieve heat, the substances are 
recombined. For the storage tanks no thermal insulation is required. The process functions under exclusion of non 
condensing gasses and is represented by the following two co occurring reaction schemes: 
 
AB (liquid or solid) + heat  ֞A (liquid or solid) + B (gaseous) 
B (gaseous)  ֞B (liquid) + heat  
 
(1) 
 
Nomenclature 
T Temperature  
w Concentration 
Subindices 
A Absorber 
E Evaporator  
C Condenser 
D Desorber 
s Sorbent 
h high (wsh: solution with high sorbent concentration) 
l low (wsl: solution with low sorbent concentration) 
 
EMPA’s closed sorption heat storage is based on a continuous, but not full cycle, liquid state absorption heat 
pump [6].  
The operating principle is as follows; two chambers are connected as shown in Fig. 1. Chamber 1 functions as 
desorber during charging as well as absorber during discharging. It contains the sorbent. In the scope of this task the 
sorbent is an aqueous sodium hydroxide solution. Chamber 2 works as condenser and evaporator respectively and 
containing the sorbate. In the scope of this paper the sorbate is water. The reversible chemical reaction, in the case 
of sodium hydroxide (NaOH) and water, is: 
 
NaOH . (m+n)H20 + heat  ֞NaOH . mH20 + nH2O (2) 
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Fig. 1. The concept of the closed sorption heat pump based heat storage. 
The system is facilitated with storage vessels to contain the working pair in its separated as well as combined 
state. Rather then directly storing heat, this concept makes use of storing the potential to regain heat at a desired 
temperature from a low temperature heat source. In addition to achieving an increase in volumetric energy density 
compared to hot water storage, the closed sorption heat storage system has the markable benefit of not suffering heat 
capacity loss during storage. Thermal energy losses occur in the conversion processes at elevated temperatures, but 
not during storage at room temperature. This technology is thus highly attractive for seasonal solar heat storage. 
2. Performance 
Regeneration or charging occurs by supplying heat from a heat source such as solar collectors to chamber 1 (see 
Fig. 1). In the chamber diluted sorbent is heated resulting in water vapor being driven from the sorbent to chamber 
2, where it is condensed. The latent heat of evaporation as well as in part the specific heat of liquid water is then 
released to the environment. In this process chamber 1 and 2 function as desorber and condenser respectively.  
In order to reach the desired sodium hydroxide solution the process is temperature controlled. The achievable 
concentration is directly dependent on the temperature difference of the temperature in chamber 1 to the temperature 
in chamber 2 and is limited to 50 wt% NaOH in H2O due to crystallization at temperatures below 12 °C. 
Both the resulting sorbent with high sodium hydroxide concentration and the water is stored separately. The 
liquids may then reach room temperature without thermochemical potential loss, as long as reversed vapor transport 
is inhibited. The losses in storage are restricted to sensible heat loss of the liquids. These are approximately 15 % of 
the total charging energy required when considering that the sorbent temperature difference from charging to storing 
is 60 K. Potential in reducing the thermal losses exists by implementing a heat exchanger between chamber 1 and 
the storage tanks. Sorbent departing chamber 1 can so be used to preheat the sorbent entering it.  
In heating or discharging mode, chamber 1 and 2 function as absorber and evaporator respectively. Water is 
introduced to chamber 2 and evaporated by employing a low temperature heat source. Water vapor is thus driven 
from chamber 2 to chamber 1, where it is absorbed by the sorbent, releasing the latent heat of evaporation as well as 
the heat of solution at a ratio of approximately 10 to 1 respectively. Due to the high affinity of water to sodium 
hydroxide, vapor is readily absorbed by the sorbent whereby a temperature increase results. 
The output temperature TAout is dependent on the sodium hydroxide content in the sorbent wsh entering chamber 1 
as well as the output temperature TEout of chamber 2. Figure 2 illustrates this. 
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Fig. 2. The output temperature TAout versus the sodium hydroxide concentration and the evaporator temperature TEout. 
In respect to the heating capacity the parameter of interest is the change in sodium hydroxide concentration Δws 
in the sorbent. Figure 3 shows the volumetric energy density versus the resulting dilution, starting at a concentration 
of 50 w% and based on the resulting diluted solution volume. A heat pump efficiency of 70 % is assumed.  
 
 
Fig. 3. The volumetric energy density in respect to the starting concentration of 50 w% sodium hydroxide in water and the respective diluted 
concentration based on the diluted concentration volume. 
It can be concluded that the energy stored is a function of the initial concentration and of the concentration 
decrease. In other words, the heat capacity stored depends on the ratio of water vapor mv transported in respect to the 
concentrated sorbent diluted during discharging.  
It follows that in order to determine the energy capacity of the closed sorption heat storage system the maximum 
sorbent dilution has to be found. This in turn is dependent on the temperature of the water entering the absorber TAin 
and the temperature of the thermal supply leaving the evaporator TEout. The difference between TAin  and TEout must 
be as low as possible to achieve a high exploitation, and so reach a high capacity. Figure 4 shows the relationship. 
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Fig. 4. The relationship of the temperature difference TAin - TEout to the resulting concentration in the discharging mode. 
The concentration difference of the working pair Δws is the difference between wsl and wsh. The high 
concentration or final regenerating concentration is dependent on the temperature difference between chamber 1 and 
chamber 2 during the regenerating mode. The greater the temperature difference the greater the resulting NaOH 
concentration in the solution.  
From the discussion it can be concluded that the output temperature and the storage capacity are based on the 
same parameters, namely TEout, TDin and TCin whereby the capacity additionally depends on TAin. 
3. System operation 
The actual system operation is met with several challenges due to the results from the previous performance 
discussions. Applied for SH the closed sorption heat storage cannot operate as a conventional heat pump. With 
ground heat exchanger temperatures expected to drop to 5  °C and TEout being as low as 2 °C, supply temperatures of 
up to 38 °C can be reached. This is shown in figure 2. Nevertheless, the difficulties occur in the return temperature 
from the floor heating. These are conventionally at about 26 °C. Due to this high return temperature TAin and the low 
evaporator temperature TEout the difference between TAin and TEout is high. This in turn results in a low dilution and 
thus a low accessible energy capacity of the storage system. Following the example a temperature difference of 24 K 
is encountered. According to figure 4 a dilution from 50 % to 40 % will be reached. This in turn strongly decreases 
the volumetric capacity to only approximately 150 Wh/l of diluted sorbent. This is half the capacity expected. Figure 
5 illustrates the situation. 
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Fig. 5. The problem of the temperature gain with connecting heat pumps in series. 
In respect to the domestic hot water (DHW) production the conditions for low temperatures TAin are satisfied due 
to the low temperatures of the cold water supply. Nevertheless reheating of hot water in a boiler is a big challenge. 
The difficulty with the hot water supply is the limited heat gain due to the limitation in the sorbent concentration. In 
one heat pump step it is not possible to produce hot water if the evaporating temperature TEout is below 10 °C, (see 
Fig. 2). It is thus necessary to employ two heat pumps in series (two stages) [6]. In such a setup the same 
problematic as in the SH occurs. Due to the low temperature difference required between TAin and TAout the 
temperature gain of heat pump 1 is limited. If, as in figure 6 illustrated, the diluted sorbent concentration should be 
25 wt% then ΔTAE is restricted to 8K (see Fig. 4) This means that the temperature TAout of heat pump 2, which 
represents the evaporating temperature, is restricted to 10 °C, thus restricting the heat gain of heat pump 1 to 8K. 
Note that heat pump 2 does not suffer this restriction due to the fact that the water is not circulated. 
 
Fig. 6. The problem of the temperature gain with connecting heat pumps in series. 
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The following illustration proposes a possible operating solution. From the geothermal heat exchanger heat is 
gained at low temperatures and employed for SH. The return heat from SH is in turn used to evaporate water in a 
second heat pump to gain DHW prier to reentering heat pump 1. In this setup maximum dilution of the sorbent can 
be reached and available temperatures can be optimally used. Thus a maximum storage capacity is achieved. 
Nevertheless even in this setup requiring a return temperature of 10 °C to heat pump 1 is limiting to the temperature 
of the DHW in heat pump 2. A prototype system for SH and DWH for a single family house is under construction 
whereby care is taken to enable varying system operation.  
 
 
Fig. 7. In series with space heating, a second heat pump is implemented. 
4. Reaction zone monitoring  
The prototype under construction consists of solar collectors, sensible heat storage tanks for short term storage, 
geothermal heat exchanger, sorption storage reaction zone and sorption storage tanks. The heart of the storage 
system is the reaction zone. As noted, absorber and desorber and condenser and evaporator respectively can be 
unified. The reaction zone functions as a double chamber heat and mass exchanger and is built as a pair of falling 
film evaporators interconnected with a vapor exchange tube. During discharging it is critical that the sorbent is 
diluted well in one transition. It is not possible to recirculate the sorbent otherwise the required initial sorbent 
concentration of 50 wt% is not guaranteed due to the mixing of concentrated sorbent from the tank and diluted 
sorbent from the reaction zone. This hinders the system from reaching maximum temperatures. For this reason a 
strict temperature monitoring of the complete zone is required. Figure 8 shows the labviw screen of the reaction 
zone monitoring and regulating in discharging mode. On the left is the absorber and on the right the evaporator. On 
the evaporator side the reaction water is vigorously recirculated to ensure good wetting of the tube bundle to 
guarantee high evaporating power even at temperatures as low as 2 °C. Additional water is added from the tank as 
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required. Water from the geothermal heat exchanger enters the evaporator at approximately 10 °C and departs at 5 
°C. Water is evaporated at an average temperature of 7 °C. On the absorber side the water to be heated enters at a 
temperature of approximately 16 °C. As it moves up the tube bundle it is heated from the sorbent running down the 
tube walls and absorbing water vapor. In order to reach high dilution care is taken to keep the lowest tubes at the 
temperature of the water entering the absorber in order to allow absorption at low temperatures. The speed of the hot 
water pump and the quantity of sorbent pumped to the absorber are regulated in respect to the temperature of the 
sorbent on the lower tubes of the tube bundle. All measured temperatures are indicated in the boxes. T36 to T42 
show the temperature of the sorbent as it moves down the tube bundle. Note that the initial temperature is the 
temperature from the storage tank. This quickly heats up to approximately 50 °C due to the high concentration. 
Temperature T32 to T35 shows the water temperature as it is heated by the hot sorbent. T43 to T46 is the 
temperature of the evaporating water and T47 and T48 is the temperature of the water from the geothermal heat 
exchanger.  
 
 
Fig. 8. Lab view controlling of the prototype setup. 
5. System setup 
The prototype system is built into a shipping container. It will operate as a hybrid system, consisting of three hot 
water storage tanks for short term storage and sorption storage for long term storage. Figure 9 shows a CAD 
drawing of the prototype with the sensible storage tanks on the right and he sorption system on the left. The sensible 
storage tanks have a three fold function. They serve as a conventional short term heat storage, as well as a buffer for 
sorption charging. This is required due to the limited charging power of the sorption storage reaction zone in respect 
to the collector area. Once the tanks are all heated to a set temperature the sorption storage will start charging. The 
sensible heat tanks then serve as a heat buffer, being able to accept excess heat from the collectors and release heat 
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to the sorption storage when required. In winter the tanks are divided in their function into DHW tank, SH tank and 
buffer tank. The collectors are used to heat the DHW tank as much as possible. The buffer tank contains the return 
water from SH and DHW. This water at temperatures below 25 °C will be used to heat the evaporator in order to 
gain heat at higher temperatures for DHW and to cool the buffer tank so that this water in turn can be heated from 
low temperature heat from the geothermal heat exchanger at an optimal dilution of the sorbent. 
 
 
Fig. 9. CAD drawing of the prototype under construction. 
6. Conclusion and outlook 
The basic concept of the closed sorption heat storage based on sodium hydroxide and water is presented. It is 
shown that the sorption storage concept has great potential for improving seasonal heat storage. Nevertheless carful 
handling of the sorbent is required to achieve lucrative volumetric storage densities. Adjustments to standard SH 
systems will be required and much performance can be gained or loosed in this process. For this reason a fully 
operating prototype able to supply all heat requirements of a single family house is under construction. It is built into 
and onto a shipping container for maximum flexibility. The system will undergo detailed testing under simulated 
conditions as well as under real life conditions connected to a single family home. The running storage development 
is part of the EU financed COMTES (combined development of compact thermal energy storage technologies) 
collaborative project. 
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